Many perinatal deaths are determined by circumstances and events surrounding birth, and the perinatal mortality rate (PNMR) is widely regarded as a performance indicator for the perinatal health care services.1-5 However, these services have no direct control over many of the determining factors whose prevalence varies between districts and institutions. These variations sometimes offer false credit, while the indicators of poor performance can be excused or evaded.
Many perinatal deaths are determined by circumstances and events surrounding birth, and the perinatal mortality rate (PNMR) is widely regarded as a performance indicator for the perinatal health care services.1-5 However, these services have no direct control over many of the determining factors whose prevalence varies between districts and institutions. These variations sometimes offer false credit, while the indicators of poor performance can be excused or evaded.
The most powerful external factors act to determine birthweight, which strongly influences mortality. Valid comparisons of delivery care and perinatal care must first take account of birthweight differences. The major effect of birthweight variations on local PNMRs has been confirmed, the need to standardise for birthweight established, and the implications for the content of monitoring systems have been analysed.3 4 6 9 Comparisons between the smaller districts and between individual maternity units raise additional problems. Firstly, the assessments must be based on several years of data so that the results tend to be out of date. Secondly, simple birthweight standardisation can overcorrect the crude PNMR where there are substantial minorities (eg, ethnic-, parity-) with deviant birthweight distributions and different mortality/birthweight relationships. Thirdly, clienteles of individual units differ from local populations because of their admission, booking, and transfer policies. Performance indicators used in local small scale studies must therefore go beyond simple birthweight standardisation. We aim to tackle these problems and construct more appropriate peformance indicators. The construction relies initially on prior argument but then attempts to demonstrate the validity and utility of the method so derived.
Materials and methods
The analysis is based on the (c250 000) records of all the livebirths and stillbirths to residents of Birmingham in the three successive quinquennia, 1964-8, 1969-73, and 1974-78 . They include records of survival, plurality, the presence or absence of a malformation, birthweight, parity, ethnic group, maternal age, duration of gestation, social class, persons per room in the household, type of labour, obstetric presentation, place of delivery, whether the delivery was booked or an emergency, and a number of other factors. The origins of the material have been described in an earlier report. '5 PRINCIPLES The problems of comparing services operating in different circumstances can be met partly through excluding certain types of case for separate and specialised consideration and through standardisation in relation to the remaining PNMR determining factors. We use both methods.
Exclusions
Multiple births The small numbers vary capriciously at maternity unit level, and the incidence is influenced by booking policies (eg, exclusion from general practitioner maternity units). Their low birthweights distort the overall birthweight distribution, and, more importantly, 
weights Total births  PN deaths  810  831  681  296  290  574  483  212  74  24  5  4280  Births  910  1513  3178  3950  9504  53455  97285  62393  15280  2229 The AC births comprised 9-82% of all singleton births in the quinquennium 1964-8, descending to 6-89% and 5*97% in subsequent quinquennia. The IP births rose from 6 17% in the first quinquennium through 13-85% in the second, to 18-49% in the last.
The data in Table 3 show a para 0/para (2+) ratio among British births, over the full 15 years, of 1:0 72. This changed from 1:091 in the first quinquennium to 1:0-50 in the last. The AC group began with a ratio of 1:4-70 in the first quinquennium but converged quickly to 1:070, close to the British ratio, in the last quinquennium. The IP births also began with a ratio very different from Br births, 1:2-27 but, unlike the AC births, this ethnic group retained a high parity distribution, and the ratio descended only to 1:2-02. It
is not yet certain whether this difference is likely to be maintained. The ratio may be more a function of the recentness of immigration than of ethnicity per se. These interactive complexities, and the non-linearity of the relationships between survival on the one hand and birthweight and parity on the other, and the sensitivity of standardisation procedures to associations ofthese kinds,1' compromise the reliability of formal linear multivariate statistical procedures. For these reasons it was thought preferable to approach the problem of devising a predictive mortality formula based on these variables using stepwise methods.
Graphical approach Figure 1 illustrates quinquennial weight-specific "residual" PNMRs among infants of British mothers. The curves are asymmetrically U-shaped, and the temporal changes can be represented as a bodily downward movement. The improvement occurred in each weight group separately. period. In contrast to the temporal changes referred to above, the difference between these curves can best be represented as a "horizontal" displacement. extent of the differences shown in figure 2.
2 300 Figure 3 compares births in different parity groups, . for British mothers only. As with the ethnic 2 200 V comparisons, the curves cross in the middle range of E birthweights and again suggest that the differences are most readily represented as horizontal displacements. a 100 For infants in ethnic groups or in parity groups whose mean birthweight is low, a given low birthweight has a if 80 less fatal prognosis than it does in an ethnic or parity group whose mean birthweight is relatively high.
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The division of temporal, ethnic, and parity differentials into "horizontal" and "vertical" graphical displacements is to some extent arbitrary, Weight (kg) m2=d x2 [2] Fig PNMR' = sy (e-a(x-bf +dx2) [3] The chief practical virtue of this inelegant expression is that it enables us to handle the "horizontal" displacements in a manner as simple as the "vertical" ones. This is achieved by adding or subtracting parity appropriate (p) and ethnic appropriate (q) supplements to the birthweight ( maternal age factor = (0-44 + 0-022 h) [4] where h is maternal age at delivery in years.
The final form of the predictive formula for calculating expected PNMR (ie, PNMR') in a mixed ethnic population was:
PNMR' = sy(e2009(X0094)'3' + 00023x2) PPND=postperinatal infant deaths; PPNMR=postperinatal mortality rate [5] group The high expectedPNMR' (55 6) for breech delivery is a reflection ofthe relatively low birthweights ofthese infants. The even higher observed PNMR (84.8) is an indication of the additional dangers of this delivery mode. The observed mortality for breech delivery was 1-53 times the expected mortality; it was eight times the observed value for normal vertex presentations. Expected mortality for caesarean section, at 20 7, was nearly twice that for spontaneous deliveries but less than halfthat for breech deliveries. Caesarean sections are evidently performed on relatively immature, rather than on very immature, infants. The ratio between observed and expected PNMR was 105; most of the hazards of caesarean section seem to come from the associated immaturity rather than from the mode of delivery. However, the clinical exclusion of known intrauterine deaths from this mode of delivery qualifies this conclusion.
For spontaneous deliveries, the ratio between observed and expected was 0 75. This probably reflects the selection of high risk cases for alternative modes of labour management. Thus instrumental deliveries gave an observed/expected ratio of 1 19 . Medical and surgical inductions also displayed less favourable ratios between observed and expected.
Medical inductions displayed a particularly unfavourable ratio, 2 02. A high proportion of the deaths here were stillbirths: 91% compared to 63% overall. It seems likely that a number of intrauterine deaths were diagnosed before the onset of labour, and that medical induction was then a preferred treatment once such a diagnosis had been made. The different delivery modes varied in frequency on different days of the week, and much of the day of week variation in expected and observed mortalities reflected this pattern.
Place of booking and delivery Delivery arrangements were recorded in 99 7% of all cases. Over the whole 15 years 79% of all births were booked and delivered in hospital; 16-8% were delivered at home; 0-5% were booked and delivered in nursing homes. The remainder, 3-4%, were admitted to hospital as emergencies. "Booked and delivered in hospital" rose from 65-9% in the first quinquennium to 95 0% in the third. Emergency admissions were mainly transfers following a domiciliary booking. The numbers declined in parallel with the proportion delivered at home.
Analyses of the relative merits of domestic and hospital deliveries, 1922 insofar as they have concerned themselves with perinatal mortality, have in the past In 1964-8 almost all deliveries to Birmingham residents took place in 11 maternity units, of which nine were inside the city boundary and two outside. These institutional changes were reflected in terms of performance. Hospital A, on changing premises, acquired a more favourable clientele, but its relative performance slipped. In the third quinquennium, when the unit had settled down, it became the best in the city. The units that closed in the first quinquennium displayed the second worst and third worst performances during that time. The hospitals whose loads were rapidly increased or decreased exhibited poor or irregular standards, while the four with stable institutional arrangements (B,F,G,K) returned competent and steady performances.
The ratio between the worst (H) and the best (G) performance over the full 15 years was 1-42; 30% of the deaths in the worst hospital would have been avoided ifthe standards displayed by the best had been attained. Ironically, the medical staff at hospital G had at one time to defend their reputations against a libellous imputation of the hospital's poor performance. 23 These statistics are offered as examples of interpretable applications of the performance index.
They cannot, of course, serve as formal validations Institutional/geographical interactions Table 10 distributes the hospital booked deliveries according to the maternity units (the rows) and simultaneously according to the boundaries of the currently defined health districts. The units are arranged from top to bottom in order of worsening performance (O/E ratio), and the districts from left to right. Numbers of perinatal deaths are also supplied. We ask whether there are residual unexplained variations between the performances of the districts and between the performances of the units; and if both are present, whether one can be explained in terms of the other. This demands an additional level of standardisation. The final column of table 10 gives the district standardised expectation of performance based on district values alone, supposing that there were no differences between the units. These expected values cluster between + 8 and -5 percentage points of the central value and do not "explain" the much wider inter-unit performance range . The final row of table 10 gives the unit standardised expectation based on unit values alone, supposing that there were no differences between the districts. Here, by contrast, the gradient of expectations matches the gradient of observations.
The statistical significance ofthe unit variations and their independence from district variations was established through analysis of variance. The variation between districts was not significant, confirming analyses associated with table 5. Our conclusions are that the units exhibited a varied performance which could not be explained either in terms of the variables used for constructing the performance index or in terms of their geographical locations; whereas, by contrast, district variations were almost entirely explained in terms of the client factors already used, and in terms of the varying qualities of the hospitals that served them.
Discussion
Previous studies of large scale geographical variations of PNMR in the United Kingdom emphasised the determiinf importance of parallel birthweight variations. 5 The present study confirms this on a more local scale; birthweight variations largely explain the PNMR differences between social classes and districts. However, performance can be predicted more precisely by excluding certain classes of birth from the assessment, and by taking additional account of calendar year, ethnicity, parity, and maternal age. The calendar year and mother's age influenced survival across all the weight groups, while ethnicity and parity variations resemble a birthweight supplement or decrement.
These relationships suggested the algebraic format of an expression for calculating the "expected" PNMR' of a district or maternity unit and then constructing a performance index based on the ratio between the observed and expected deaths. A predictor of this kind is entirely different from one which might be used by a clinician in predicting risks to an individual. Many indices of this last kind have been constructed in the past and sometimes used to calculate the expectations against which the performance of a unit might be assessed. They are, however, inefficient, failing to make use of birthweight, and they are strictly not valid for this purpose. They incorporate a clinical activity (ie, a prior risk assessment), which is itself a component of the performance that is to be measured.
Our own method could be challenged on the grounds that satisfactory birthweight might be regarded as an outcome, rather than an operational contingency, of the care provided. If a maternity unit reduced maternal usage of cigarettes, and consequently increased the birthweights of its infants, it would receive no "credit" under the terms of this performance indicator. The performance indicator must therefore be applied only to services which are strictly perinatal,and not those concerned with earlier antenatal care.
It has been shown"1 14 that where a population can be segregated into strata in which the relationships between mortality and birthweight differ, then standardisation procedures (whether indirect, as in the present case, or direct) can introduce bias. The over-compensatory effects of birthweight 204 standardisation in administrative areas with large ethnic minorities9 10 are a case in point. It has sometimes been argued that difficulties of these kinds invalidate the "standardisation" approach to measuring performance. We defend the approach because: (i) the weight correction procedures for ethnic group and parity, and the exclusion of multiple births from the calculation, greatly reduce the ill effects of such heterogeneity; (ii) any residual bias is probably the least bias that can be obtained, and is certainly much less than that associated with unstandardised mortalities; and (iii) pragmatically, the method does indeed seem to differentiate good performance from relatively poor performance in a manner that is interpretable, and with a consistency and penetration which could not be achieved using crude PNMR. Equation [5] is not directly transferable. It refers to the population of Birmingham in the period 1964-78 and in strict terms is only applicable to performances measured within that context. However, the use of a general model with a biological and social interpretation, as opposed to a simple multivariate formula, permits its wider use. The parameters should preferably be recalculated in new contexts, although the birthweight supplements for ethnicity and parity, and the exponent parameters of the mortality/birthweight curve, could probably be more widely used with little risk of serious error. However, the "year factor" is not directly transferable. Regular recalculation is mandatory on a national or regional basis if we are to compare districts and units and follow their positions within a "league table". It is also necessary that records of perinatal deaths should in future contain all the information necessary for appropriate exclusions, and that the records of survivors should contain all the information for calculating the expected numbers of deaths.
